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Introduction
Trypanosomiasis are cosmopolitan diseases that affect humans and animals. Trypanosoma brucei, T. congolense, T. vivax and T. evansi cause significant losses in livestock, and T. vivax is responsible for large economic losses of cattle in Africa, Asia and Central and South Americas (HOARE, 1972) . In South America, the most important species of trypanosomes are T. cruzi, etiologic agent of Chagas disease in humans and dogs, T. evansi, causing neurological disorders in horses and other mammals and T. vivax that causes deaths and infertility in ruminants (DÁVILA & SILVA, 2000) .
In Brazil, infections by pathogenic trypanosomes in livestock have been occurring with increasing frequency. Currently, outbreaks of T. vivax were detected in the states of Maranhão (FEITOSA et al., 2004) , Tocantins (LINHARES et al., 2006) , Paraíba (BATISTA et al., 2007) , Minas Gerais (CARVALHO et al., 2008; CUGLOVICI et al., 2010) , Rio Grande do Sul (SILVA et al., 2009 ), São Paulo (CADIOLI et al., 2012 and Pernambuco (PIMENTEL et al., 2012) .
In cattle, T. vivax unleashes unspecific signs such as fever, anorexia, weight loss, reduced milk yield, enlarged lymph nodes, abortion and diarrhea (BATISTA et al., 2008; CADIOLI et al., 2012) as well as anemia (SCHENK et al., 2001) , leukopenia (SILVA et al., 1999) and eventual leukocytosis (CADIOLI et al., 2012) . The biochemical profile of animals infected by T. vivax are usually normal (SCHENK et al., 2001; ALMEIDA et al., 2010) . The association of nonspecific changes with the fluctuation of parasitemia observed during the infection hinders the diagnosis and contributes to its spread. Thus, the present study aimed to elucidate some aspects of host-parasite relationship by evaluating clinical signs, parasitemia and hematological and biochemical alterations of cattle experimentally infected with T. vivax over the course of the infection.
Materials and Methods

Experimental group and experimental infection
Three Girolanda cows age four to six years and with an average weight of 500 kg were used. The animals were kept in screened and individual stalls and were submitted to daily physical examination; laboratory tests were performed for twenty days prior to experimental infection to verify their health to trypanosomiasis through direct parasitological tests (BRENER, 1961; WOO, 1970) , serological tests (IFAT and ELISA) as described by Aquino et al. (1999) and molecular test (PCR) as described by Cortez et al. (2009) . Cows were treated with ivermectin 1% (Ivomec  -0.2 mg/kg SC), fluazuron 2.5% (Acatak  Pour On -2.5 mg/kg) and imidocarb dipropionate 12% (Imizol  -3 mg/kg SC) to prevent coinfection by ecto and endoparasites. Infected blood with T. vivax, "Lins" isolate (CADIOLI et al., 2012; GARCIA et al., 2014) , was obtained from a previously infected goat and, one aliquot of blood containing 2.0 × 10 7 trypomastigotes, was inoculated intravenously into each bovine (E1 to E3).
Clinical and laboratory tests
Fifteen milliliters of blood from each bovine were collected, of which 3 mL were placed in 10% EDTA solution for performing a complete blood count (CBC) and verifying parasitemia, 2 mL in EDTA-fluoride solution was used for glucose dosage and 10 mL without anticoagulant was used for biochemical tests. Blood was obtained by venipuncture of the jugular vein daily for 14 days after infection (DAI) and thereafter every three days until completion of the experimental period of 120 DAI using the Vacutainer system (BD Industry -Juiz de Fora -MG). The serum samples were identified and divided into quintuplicates frozen at -20 °C until use. The animals were clinically examined when venipuncture and were weighed once a week.
Parasitological exam
On days of collection, whole blood aliquots in 10% EDTA solution were used to verify the presence of parasites by microhematocrit concentration test (MCHT) (WOO, 1970 ) and parasitemia count as described by Brener (1961) .
Blood tests
Total erythrocytes and leukocytes, hemoglobin, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC) and platelet counts were determined in a specific automatic device (PocH-100iV  Diff Sysmex -São José dos Pinhais -PR). Packed cell volume (PCV) was obtained by microhematocrit method, through capillary centrifugation at 10,000 RPM for five minutes and then held in proper reading ruler. Leukocyte differential counting was performed on blood smears stained with Giemsa in which 100 leukocytes were counted by light microscopy followed by calculation of absolute values.
Biochemical tests
All biochemical tests were analyzed in serum except glucose that was determined in plasma obtained from EDTA-fluoride tubes. Serum samples remained frozen at -20 °C and protected from light for approximately 30 days. The dosage of glucose was performed immediately after blood collection.
Measurements of glucose, total protein, albumin, cholesterol, triglycerides, total bilirubin, direct bilirubin and creatinine were performed with a colorimetric method using commercial kits (Diagnostic Labtest  , Belo Horizonte -MG) and read in a spectrophotometer (Diagnostic LabQuest  , Belo Horizonte -MG). Globulin was calculated by the difference between total protein and albumin and indirect bilirubin was calculated by the difference between total bilirubin and direct bilirubin.
Urea and serum enzyme activity of gamma glutamyltransferase (GGT), aspartate aminotransferase (AST), lactate dehydrogenase (LDH), alkaline phosphatase (ALP) and creatine kinase (CK) were measured by the kinetic method using commercial kits (Diagnostic Labtest  , Belo Horizonte -MG) and read in a spectrophotometer (Diagnostic LabQuest  , Belo Horizonte -MG).
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PCR reaction
The DNA extraction was performed with the QIAamp DNAeasy Kit (Qiagen  ), according to the manufacturer's recommendations. The extracted DNA was stored at -20 °C until the moment of the use.
PCR was performed using a set of primers from the DNA sequence of the gene encoding for the cathepsin L-like enzyme (CatL) of T. vivax that had been described previously (CORTEZ et al., 2009) . PCR was performed on a volume of 50 µL, containing 20-100 ng of genomic DNA (except the negative control) and a final concentration of 100 pmol of each primer, 200 mM of each dNTP, 10 mM of Tris-HCl (pH 8.3), 1.5 mM of MgCl 2 , 7.5% (v/v) dimethyl sulfoxide (DMSO), 0.1 mg/ml of bovine serum albumin (BSA) and 2.5 units of Taq DNA polymerase (Invitrogen, USA). The reactions were conducted in a thermocycler (T100TM Thermal Cycler; Bio Rad, USA) under the following conditions: initial denaturation at 94 °C for 3 minutes followed by 35 cycles of denaturation at 94 °C for 1 minute, annealing at 65 °C for 1 minute and extension at 72 °C for 1 minute, with final extension at 72 °C for 10 minutes. The PCR products were separated on 2% agarose gel containing ethidium bromide and the images were revealed in the ChemiDocTM MP imaging system device (Bio Rad, USA).
Statistical analysis
In order to perform the statistical analysis, the values obtained in the pre-infection moment (0 DAI) were used as control. The data were evaluated by analysis of variance (ANOVA) with paired comparisons made on day zero (pre-infection) using Dunnett's test at the 5% probability via GraphPadPrism 4.0 software.
Results
The inoculum (2.0 × 10 7 trypomastigotes/animal) was able to infected cattle, with parasites being detected both by parasitological (Brener and MHCT) and molecular methods (PCR). Blood samples were collected appropriately with no fibrin formation, which could compromise hematological values.
Clinical signs are compiled in Table 1 . Apathy, pale mucous, enlarged lymph nodes (submandibular, pre-scapular and pre-crural), diarrhea, submandibular edema, serous nasal discharge, sialorrhoea, hyporexia, anorexia and incoordination were observed. In addition, animal E3 presented metritis at 90 DAI. Although the animal's appetite remained normal throughout most of the trial period, weight reduction was observed in the initial period ( Figure 1 ).
Parasites were detected both by the Brener (1961) and Woo (1970) techniques at 2 DAI for animal E1 and E2 and 3 DAI for E3. The trypomastigotes count was performed by the Brener technique (BRENER, 1961) with the parasitemia peak occurring at 12 DAI for animal E1 and E3 with 2.49 × 10 6 and 3.66 × 10 6 parasites/mL blood, respectively, and at 13 DAI for animal E2 with 3.11 x 10 6 parasites/mL of blood. Fluctuations in parasitamia were observed during the trial period, highlighting an acute phase of the disease. However, circulating parasites were seen throughout the entire period followed by a chronic phase where fluctuations in parasitemia were detected followed by a aparasitemics periods that occurred from 30 DAI (Figure 2 ). RBC analysis only showed statistically significant differences (p <0.05) versus baseline at a few time points. Erythrocytes, presented a reduction and reached values very close to the lower limit for cattle, with subsequent recovery and normalization to values similar to 0 DAI, being verified statistically significant differences on 3 to 13 DAI. The absolute eosinophil count was down for approximately 70 days after infection with a subsequent increase; there was a statistically significant difference on 6 to 14 and 23 to 68 DAI. Lymphocytes initially showed a reduction and reached values near the lower limit for cattle in the first few days post-infection. They later showed a large increase and presented lymphocytosis at day 40. During the rest of the experimental period, the animals showed values within the normal range but near the upper limits for cattle. There were statistically significant differences at 3 to 12, 41 and 44 DAI. Monocytes did vary during the experimental period and were only statistically different at 20 DAI. Neutrophils showed a similar behavior to that of lymphocyte but without statistical differences (Table 2, Figure 4) . Just like the CBC, only some of the biochemical tests at certain times of the infection were statistically significant (p <0.05) versus baseline.
In assessing liver function, only AST and GGT enzymes showed specific statistical differences. The AST enzyme was seen in practically all of the experimental period values below the lower limit for cattle with statistical differences only on 12 to 14 DAI, when a peak occurred and 71 to 74 DAI. The GGT enzyme already started above the limit considered normal for bovine with a subsequent reduction to normal values and fluctuation throughout the period with significant statistical difference at 47 to 68 DAI. ALP remained constant with no statistically significant difference versus baseline. The metabolites, total bilirubin and its fractions, did not show specific behavior during the experiment and remained within the limits considered normal for bovine except on two days for total bilirubin and a day to indirect bilirubin. These three metabolites showed no statistically significant difference ( Figure 5 ). We assessed renal function via urea and creatinine and there was no statistical significance versus baseline. Creatinine was within the normal range for bovine throughout the entire experimental period; urea fluctuated between normal values and above the limit. In assessing the total protein and its fractions (albumin and globulin), only albumin showed a significant statistical difference at 8, 17 and 20 DAI. Total protein initially showed normal values with subsequent fluctuation between normal and increased values for bovine. Globulin showed a large increase during the chronic phase of infection, which was expected due to the production of antibodies. Albumin initially showed normal values with subsequent reduction and fluctuation between normal and reduced. The CK enzyme was always within the normal range (Figure 6 ). 
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The LDH enzyme showed values above the normal range throughout the experiment. There were statistically significant differences for all of the chronic period starting at 38 DAI and going until the end of the experimental period (120 DAI). In the evaluation of cholesterol, triglycerides and glucose, there was no defined behavior. The cholesterol initially showed a decrease with subsequent normalization to levels near to the pre-infection with statistically significant differences on 6, 8 to 68 and 86 DAI. Triglycerides showed fluctuation throughout the experimental period with values above those considered normal for bovine with significant statistical differences on 9 to 17 and 89 to 95 DAI. Glucose showed an initial decrease in its concentration that was consistent with the period of increased parasitemia and a subsequent increase above the normal range for cattle. This was later reduced to normal values, but below that of pre-infection. It was statistically significant at 38 to 101 and 107 to 116 DAI ( Figure 7 ).
Discussion
Clinical signs presented by the animals of this study were consistent with those reported by other authors (BATISTA et al., 2008; CADIOLI et al., 2012) , consisting principally of apathy, enlarged lymph nodes, hyporexia, weight loss, diarrhea, submandibular edema and vaginal discharge, all mild to moderate degree. The animal's susceptibility to infection is associated with several factors such as age, concurrent infections, pregnancy, lactation and nutritional conditions (KATUNGUKA-RWAKISHAYA et al., 1997) . The cattle in this study were in excellent health and nutritional status and were kept in screened and isolated stalls, for 28 days prior to inoculation and thereafter for 120 days. They were not exposed to competition for food by other animals, weather conditions such as rain and intense sun, and had been dewormed and deticked, they were not subject to blood spoliation by ecto and endoparasites, presented an excellent response against the parasite corroborating Paiva et al. (2000) who stated that cattle in good health and nutritional status have the ability to express satisfactory response to infection by T. vivax.
The pre-patent period (PPP) for the T. vivax was quite variable. The PPP was only two to three DAI, although parasites detected at this stage may be remnants of the inoculum. This finding corroborates those of Igbokwe et al. (1996) who used the Samaru (Nigeria) sample and Schenk et al. (2001) using the Poconé (MT) strain, both worked with cattle experimentally infected with T. vivax, found a PPP of two and three days, respectively. Moraes (2001) observed that cattle experimentally infected with Poconé (MT) strain had a PPP of two to 12 days.
The peak of parasitemia occurred at 12 DAI for the E1 and E3 animals, and on 13 DAI, for E2. Furthermore, in the first month post infection (acute phase) other smaller peaks of parasitemia occurred. Thereafter, circulating parasites were constantly detected until 53 DAI. Esievo & Saror (1983) detected the peak of parasitemia at 11 DAI followed by decreased parasitemia; parasites were detected up to 66 DAI. Moraes (2001) observed floating parasitemia and peaks in the first 30 days, but this dropped to zero after 60 DAI. On the other hand, Schenk et al. (2001) found parasitemia only for 30 DAI.
Croos (2003) reports that the persistence of parasitemia is possibly due to the protozoan evasion mechanism by antigenic variation of variants surface glycoproteins (VSG). These are very immunogenic and hide from the immune system low variables or invariant proteins (HORN, 2014) . This variation is responsible for the recurrence of parasitemia. Paiva et al. (2000) believe that adaptation to the mechanical transmission has decreased antigenic variation of VSG, however Dagnachew et al. (2015) observed that T. vivax strains from areas without tsetse (only mechanical transmission occurs) are as pathogenic as those from areas with cyclical transmission. Another explanation for the persistence of the infection is refuge points with subsequent lapses in infection such as cerebrospinal fluid and aqueous humor (WHITELAW et al., 1988) . The presence of T. vivax in the cerebrospinal fluid was observed and correlated with central nervous system damage in chronically infected goats. Evidence included neurological disorders such as incoordination, falling, opisthotonos, nystagmus and paddling (BATISTA et al., 2011) .
Cattle in this study showed weight loss in the early stages of infection. This was seen until 56 DAI. This coincided with the presence of large amounts of circulating T. vivax indicating that weight loss may be related to high energy consumption induced by an immune response (MENEZES et al., 2004) , decreased energy availability to the host due to the intake of nutrients by trypanosomes (BOERO, 1974) or the release of cytokines such as tumor necrosis factor (TNF-α) that interfere in the availability of energy substrates in infected animals (LUCAS et al., 1993) . Batista et al. (2006) noted no weight gain until 60 DAI highlighting the negative influence of T. vivax in weight gain. Thus, we believe that the association of these factors with high energy demand presented by dairy cattle during pregnancy and lactation can lead to death in the acute phase. Besides the direct influence on animal's health, this weight loss has an obvious economic impact not only due deaths, reproductive disorders or spending on medication, but reduced weight gain also delays first estrus and decreases weaning weight and milk production.
Erythrocyte changes were consistent with a mild infection. There was a steady decrease in the erythrocyte count, hemoglobin and PCV, although they remained within the reference values. Decreases in erythrocytes have been associated with erythrocytes desialylation in the acute phase of disease, stage of high parasitemia (GUEGAN et al., 2013) . Our findings differ from those obtained by other authors in cattle BATISTA et al., 2007 BATISTA et al., , 2008 CUGLOVICI et al., 2010; CADIOLI et al., 2012) who noticed moderate to severe anemia. However, Schenk et al. (2001) observed a PCV decrease similar to our study, that reached a minimum value of 25% at 10 DAI and this variable did not return to pre-infection values.
Leukocytosis by lymphocytosis was observed by some authors in goats, sheep and cattle during the chronic phase of infection by T. vivax (ANOSA et al., 1992; PAIVA et al., 2000) , Paiva et al. (2000) also found eosinopenia. Leucopenia with lymphocytosis seems to be the major characteristic of WBC in the chronic phase of the disease (ESPINOZA & ASO, 1992; BATISTA et al. 2006; , and leucopenia is an important event in T. vivax infections in cattle, sheep and goats (ESPINOZA & ASO, 1992) .
Here, we observed WBC behavior similar to that shown by Esievo & Saror (1983) who showed a decrease in leukocytes between 4 to 9 DAI. This was seen until 19 DAI with a subsequent gradual increase until 159 DAI. Lymphocytes had a similar pattern. It has been suggested that early leukopenia during the trypanosomiasis may have been influenced by the bulk trypanosome antigen (MACKENZIE et al., 1978) . Support for this comes from the fact that after the decline in parasitemia, the leukocyte values tend to return to the pre-infection phase and sometimes even exceed these values.
Another reason for the leukopenia found at the beginning of the infection may be due to leukocyte apoptosis a fact already demonstrated in the parasitemic stage of T. brucei infection in rats (HAPPI et al., 2012) . The reduction of erythrocytes can be an additional cause for the neutrophilic decrease because previous studies demonstrated the ability of erythrocytes to protect neutrophils from apoptosis by glutathione and catalase metabolism (AOSHIBA et al., 1999) . Eosinophils showed a decrease and corroborated with a previous study that demonstrated a reduction in cattle infected by T. vivax (DAGNACHEW et al., 2015) . found thrombocytopenia in first week of experimental infection that began simultaneously with the detection of parasites, which the authors considered this to be a non-immune process that could be related to platelet lysis. Olubayo & Mugera (1985) suggest that severe thrombocytopenia occurs due to consumption of platelets in formation of microthrombi induced by the parasite. This is the main factor responsible for the hemorrhagic syndrome. For Anosa et al. (1992) there are three major mechanisms for thrombocytopenia: (i) platelet phagocytosis, which becomes apparent after beginning of parasitemia; (ii) platelet aggregation, which develops later; and (iii) disseminated intravascular coagulation. In our study, we found reduced platelet counts, but no evidence of microthrombi or hemorrhage, this was confirmed by the constant erythrocytes and PCV values.
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The AST remained within the reference range. In other studies with cattle experimentally infected by T. vivax, this enzyme remained unchanged or presented an initial increase with subsequent decline (MORAES, 2001; SCHENK et al., 2001 ) as observed in our study. The peak observed at 12 to 14 DAI where there was a statistically significant difference. This was related to erythrophagocytosis caused by the parasite after peak parasitemia once this enzyme is present in erythrocytes (KANEKO et al., 2008) . The decrease suggests the possibility of abnormal liver changes including fibrosis (KADIMA et al., 2000) .
The GGT values were above the normal range for bovine at the beginning of the experimental period through day 12 and peaking again at day 92. Schenk et al. (2001) evaluated cattle experimentally infected with T. vivax, and observed significant changes in GGT values, but these remained within the normal range for bovine. Moura et al. (2009) noticed both increases and decreases. In ALP, values within normal limits were found throughout the trial period corroborating to the findings of Moura et al. (2009) . Other authors found a decrease in this enzyme in infected animals (MORAES, 2001; ALMEIDA, 2007) . Schenk et al. (2001) observed that the average values of ALP were occasionally higher than the reference range, although they suggest that this was due to the age of the animals in the study.
The total bilirubin and its fractions presented values within normal limits for bovine except at 6 and 35 DAI for total bilirubin, which was elevated. These values were likely not altered because there was not an intense hemolysis, once animals did not show severe anemia. Almeida (2007) evaluated sheep experimentally infected with T. vivax and obtained values within the normal range although infected animals presented higher values when compared to the testimonies. Kadima et al. (2000) assessed cattle experimentally infected and found bilirubin values to initially be within the normal range followed by an intermittent increase, this might indicate progressive liver damange.
Creatinine values remained within the normal range. Urea did as well with brief peaks above normal. Almeida (2007) studied infected sheep and showed values within the normal range with an increase in urea and a decrease in creatinine in the infected animals. Schenk et al. (2001) found significant changes between infected and uninfected animals for urea and creatinine, but values remained within the normal range for bovine. These changes were not detected and thus do not suggest renal dysfunction.
In assessing total protein and its fractions, albumin showed a decrease during the trial period starting with values within normal limits and decreasing until it reaches a hypoalbuminemia at day 26-56, it then increased to normalcy. Decreases in serum albumin can be related to liver injury once albumin is only produced in this organ (KANEKO et al., 2008) . However, total protein and albumin can be found at normal levels even in the presence of liver damage unless hepatitis involves a large part of the liver and is severe enough to cause organ failure (PINCUS & SCHAFFNER, 1999) .
Globulins increased from 35 DAI and peaked at 77 DAI. They remained there until the end of the experiment. The total protein showed values within the normal range at the beginning of the experiment with subsequent increases after 35 DAI. They alternated between normal and hyperproteinemia. Other authors have seen similar behavior for total protein and its fractions including decreased albumin, increased globulin and total protein normal to increased (KATUNGUKA-RWAKISHAYA, 1996; SCHENK et al., 2001; SEKONI et al., 1990 ; VAN DAM et al., 1998) . Schenk et al. (2001) observed a decrease in total protein and albumin values at 4 and 8 DAI, respectively, and a significant increase in gamma globulin values from 12 DAI. This was probably related to the antigenic stimulus triggered by the parasite. Increases in globulin were expected because infection by T. vivax generates a host immune response leading to antibody production as a way to control and eradicate the parasite. Katunguka-Rwakishaya (1996) correlated the hyperglobulinaemia with an increase in IgG and IgM.
CK remained normal, other authors observed decreased values for this enzyme in experimental infections (ALMEIDA, 2007; MOURA et al., 2009 ), Almeida (2007 suggests that this occurred due to the freezing time of samples. Schenk et al. (2001) observed significant changes in values between groups, but these remained within the normal range.
Cholesterol remained normal with values near the lower limit. Espinoza et al. (1998) and Schenk et al. (2001) observed hypocholesterolemia in goats and cattle inoculated with T. vivax, respectively. Similar findings were found by KatungukaRwakishaya et al. (1997) working with sheep experimentally infected with T. congolense. They noted that the decline in cholesterol levels starts with the appearance of trypanosomes in circulation as observed in our study. This is probably associated with the release of lysis products by the parasite. T. congolense, T. brucei and T. evansi use glucose as well as triglycerides and cholesterol from the host as energy sources (COPPENS et al., 1995; KATUNGUKA-RWAKISHAYA et al., 1997) . Low cholesterol levels are often found in many types of anemia due to greater use of plasmatic cholesterol determined by the replacement of erythrocyte lipids in cases of increased hemolysis (NAOUM, 2005) .
Triglycerides remained above the normal range throughout the study. There was a specific reduction in the normal range. Rabbits experimentally infected with T. brucei (NAKAMURA, 1998) and dwarf goats infected with T. vivax (HAMMINGA et al., 1996) had hypertriglyceridemia due to the reduction of lipoprotein lipase activity. This was associated with liver damage. According to Nakamura (1998) , the continuous release of TNF-α, in small amounts, suppressed the normal lipoprotein lipase synthesis in adipocytes leading to hypertriglyceridemia. We noted no increase in its production.
Glucose was within the normal range. Spikes seen in our study were due to feeding, once our animals were fed ad libitum. The decrease in glucose in the early stages of infection coincided with the parasitemia peak. This showed possible nutrient intake by trypanosomes (BOERO, 1974) . Other authors had the same results (KATUNGUKA-RWAKISHAYA, 1996; VAN DAM et al., 1998; ALMEIDA, 2007) . Kadima et al. (2000) and Batista et al. (2008) evaluated cattle and goats experimentally infected with T. vivax, respectively, obtained glucose values below the reference range and noted a significant reduction versus the control group. According Katunguka-Rwakishaya et al. (1997) investigations on blood glucose levels in animals infected with trypanosomes have produced mixed results.
The "Lins" strain of T. vivax was pathogenic for cattle and resulted in disease in animals naturally infected (CADIOLI et al., 2012) and experimentally infected. Parasitemia was intense in the early stages of infection and persistent during the trial period, circulating parasites were detected for about three months. The most evident hematologic abnormalities were found in WBC, there was initially leukopenia by lymphopenia and neutropenia, yet standing out thrombocytopenia. Biochemical changes once subtle and punctual, are not useful to diagnosis trypanosomiasis by T. vivax.
